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SOI DLVICH WnH DIIM:RI-:N r SILICON rnicKNHssi:s 

I IHLDOI TUL INVHNTION 

Ihe present invention relates to the manufacturing of semiconductor devices, and more 
particularK , to forming silicon on insulator devices having improved characteristics. 

BACKGROUND Ol THE INVHNTION 
5 Over the last few decades, the semiconductor industry has undergone a revolution by the use of 

semiconductor technology to fabricate small, highly integrated electronic devices, and the most common 
semiconductor technology presently used is silicon-based. A large variety of semiconductor devices have 
been manufactured having various applications in numerous disciplines. One silicon-based 
semiconductor device is a metal-oxide-semiconductor (MOS) transistor. The MOS transistor is one of the 

10 basic building blocks of most modern electronic circuits. Importantly, these electronic circuits realize 
improved performance and lower costs, as the performance of the MOS transistor is increased and as 
manufacturing costs are reduced. 

A tvpical MOS device includes a bulk semiconductor substrate on which a gate electrode is 
disposed. I hc gate electrode, which acts as a conductor, receives an input signal to control operation of 

15 the device. Source and drain regions are t\ pically formed in regions of the substrate adjacent the gate 
electrodes by doping the regions with a dopant of a desired conductivity. The conductivity of the doped 
region depends on the t\pe of impurit\ used to dope the region. I he tv pical MOS dev ice is symmetrical, 
in thai the source and drain arc interchangeable. W hether a region acts as a source in' drain tvpical 1\ 
depends on the respective applied xoltagcs and the t> pe ol" device being made. Ihe colleclixe term 

20 source^drain region is used herein \o generallv describe an active regitMi used for the formation ot either a 
source or drain. 

As an alternativ e to forming a MOS dev ice on a bulk semiconductor substrate, the semiconductor 
laver can be formed on an insulating substrate, or o\cr an insulation iaver ft>rined in a semiconductor 
substrate This technolo<jv is referred to as Sil ic<Mi-<Mi- InsiilritcM- ( SOf ^ technolom Silirori imi in^iil-itf^f 



sapphire (SOS) icchnologv has been succcssriill\ used tor \cars to fabricate radiation-hardened 
eoiiiplimentarx MOS (C'MOS) circuits tor militar> applications. C ircuit la\oul in SOI can also be ureatK 
simplified and packing densit\ greatly increased if the dev ices are made w ithout body contacts in which 
the bod\ regions of these de\ ices are "floating". 
5 A disadvantage of man\ SO! devices is the lack of a bulk silicon or bod\ contact to the MOS 

transistor. If the channel/bodv region is left "floating", various hvsteresis effects can prevent proper 
circuit operation, fhese effects include the so-called "kink" effect and the parasitic lateral bipolar action. 
Partially-depleted devices are such that the maximum depletion width in the body is smaller than the 
thickness of the semiconductor Si laver, and a quasi-neutral region results which has a floating potential. 

10 rhese floating body effects may result in undesirable performance in SOI devices. 

MOS devices using SOI structure typically fall in one of two groups depending on the type of 
dopants used to form the source, drain and channel regions. I he two groups are often referred to as n- 
channel and p-channel devices. The type of channel is identified based on the conductivity type of the 
channel which is developed under the transverse electric field. In an n-channel MOS (NMOS) device, for 

15 example, the conductivity of the channel under a transverse electric field is of the conductivity type 
associated with n-type impurities (e.g., arsenic or phosphorous). Conversely, the channel of a p-channel 
MOS (PMOS) device under the transverse electric field is associated with p-type impurities (e.g., boron). 

One consideration when manufacturing NMOS and PMOS SOI transistors is maintaining a 
proper channel length. The channel length can be shortened, for example, if the source/drain regions are 

20 exposed to excessive temperature and/or time during activation. This causes excess lateral diffusion of 
the dopants, which causes the channel length to shorten. NMOS and F'MOS transistors are formed on a 
single chip and are therefore exposed to the same temperature/time profile during dopant activation. 
Howexer. because the NMOS and PMOS transistors are formed using difTerent dopants, which likeK 
ha\e different diffusion ciiaracteristics. the temperature time profile for at least one of" the NMOS or 

25 PMOS transistors will not be optimized. 

Another consideration when forming transistors on a SOI structure is the formation of both fully 
depleted and partiallv depleted transistors. In a fulU depleted transistor, the source/drain regions extend 
all the wav through the silicon layer to the insulator, and in a partiallv depleted transistor, the source/drain 
rcLiions extend partiallv tfiri>u*ih the silicon laver. One difference between a partiallv depleted transistor 



pcrtbrniaiicc. niininii/atitMi o\' Hoatiiiu body cttccts. and allows tor separate optimization oi separate 
transistors tbrnied on the SOI structure. 

SUMMARY OF 11 U! INVKN HON 

I his and other needs are met by embodiments of the present inv ention which provide a method of 
5 manufacturing a semiconductor device that improves performance, minimizes floating body effects, and 
allows for separate optimization of separate transistors formed on an SOI structure. I he method inckides 
providing a silicon semiconductor layer over an insulating layer, and partially removing a first portion of 
the silicon layer. The silicon laver includes the tlrst portion and a second portion, and a thickness of the 
second portion is greater thsn a thickness of t!"ie tlrst portion. Initiallv, the first and second portions of the 
10 silicon layer can initially have the same thickness. 

In another aspect of the invention, the first portion of the silicon layer is partially removed by 
etching. The partial removal of the first portion of the silicon layer can also include depositing a resist 
over the silicon layer and exposing and developing the resist to expose the first portion of the silicon 
layer. The thickness of the first portion is determined by etching the first portion for a predetermined 
15 length of time. 

In still another aspect of the invention, the tlrst portion of the silicon layer is partially removed by 
oxidizing the first portion of the silicon layer and removing the oxidized silicon. The partial removal of 
the first portion of the silicon layer can also include depositing a mask layer and a resist over the silicon 
layer and exposing and developing the resist to expose a portion of the mask lay er over the first portion of 

20 the silicon layer and removing the mask layer over the tlrst portion of the silicon layer. After partially 
removing the tlrst portion, the mask la\er can then be removed. 

Isolating features can be formed beftMC or after tlie tlrst portion i>f the silicon layer is partiall\ 
removed. Alsi>. a tlrst transistor can be tormeti in the tlrst portion and a second transistor can be tbrmed 
in the >econd portion. The tlrst transistor can be a full\ depleted transistor, and the second transistor can 

25 be a partially depleted transistor. Also, the tlrst transistor can include source/drain regions formed with a 
tlrst dopant and the second transistor can include source/drain regions tbrmed w ith a second dopant, and 
the ditTusivitN of the second dopant into silict>n is greater than the ditt\isivit\ of the tlrst dopant into 
silicon. 



porluMi In Lircalci than a llnckncss p( ilic llist poiiioii. 
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AdditicMial acKatitagcs t^l' the present iinention w ill bceoiiie readil\ apparent to those skilled in 
this art froni the tol lowing detailed description, wherein onl\ the preferred embodiment o\' the present 
invention is shown and described, simpK by way of illustration ol the best mode contemplated ibr 
carrying out the present invention. As will be realized, the present invention is capable o{ other and 
5 ditterent embodiments, and its sev eral details are capable of modifications in various obv ious respects, all 
without departing trom the invention. Accordingly, the drawings and description are to be regarded as 
illustrative in nature, and not as restrictive. 

BRIHF DESCRIPTION OF Villi DRAWINGS 

Reference is made to the attached drawings, wherein elements having the same reference nnmeral 
designations represent like elements throughout, and wherein: 

Figures lA-lD schematically illustrate sequential phases of a SOI fabrication method according 
to one embodiment of the present invention. 

Figures 2A-2D schematically illustrate sequential phases of a SOI fabrication method according 
to another embodiment of the present invention. 

Figure 3 schematically illustrates a SOI semiconductor device having different portions with 
silicon layers having different thicknesses. 

Figure 4 illustrates the semiconductor device of Figure 3 after features are formed on the silicon 
layers having different thicknes,ses. 

Figure 5 schematically illustrates a SOI semiconductor device in which the isolating regions are 
removed. 

DFTAll FD Di:SC RIFH ION OF I MF INVE^NTION 

I he present inventiiMi improves perforniance. reduces lloatmg bodv elTects, and alkn\s tor 
^eparate optini i/ation separate transistors tiMnied on an S()I structure. Ihis is achieved, in part, hv 
providing a seniiccMuluctc^r device having different portions, with each porticMi having a silicon 
semiconductor laver of^the SOI structure, and a thickness of one pcM^ion of the silicon laver difTcring from 
another portion of the silicon lav er. In sc^ doing, the thickness of each pc^rtion of the silicon laver can be 
(Optimized depending upon factors, such as whether a transistor formed on the SOI structure is t(^ be 
pMrtiallv (^r fullv depleted and the dif fusion clinracteristics of the dtM^^nits used \o form the transistcMs 
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as to the manner in whieh the SOI structure is formed. l-or example, one method of forming an SOI 
structure in\c)l\es implanlitig iiea\y doses ot oxygen into the substrate 10. The substrate 10 is then 
subjected to an annealing process, which forms a silicon oxide insulator laver 12 and the silicon Ia\er 14 
abo\ e the insulator Ia\er 12. Another method of forming an SOI structure includes a technique termed 
5 wafer bonding in w hich the SOI structure is bonded onto a substrate 10. i he substrate 10 can be formed 
from any material suitable for use with an SOI structure, for example, metal substrates have been 
contemplated. However, in one aspect, the substrate 10 is formed from silicon. 

The insulator layer 12 can be formed from any material suitable for use with an SOI structure. 
For example, sapphire and Si^N^ are materials known to be acceptable for use with an SOI structure. 
lU However, in certain aspects, the insulator layer 12 is formed from SiO:. Although not limited in this 
manner, the insulator layer 12 can have a thickness from about 100 to 500 nanometers. 

The silicon layer 14 is formed above the insulator layer 12, and the silicon layer 14 is not limited 
as to a particular thickness. However, in a current aspect of the present invention, the thickness of the 
silicon layer 14 can be optimized for particular individual devices formed on the wafer. In this manner, a 
15 semiconductor device can be provided with different portions, each portion having a silicon layer 14 with 
a thickness that differs from another portion. The invention is also not limited in the manner in which the 
thickness of the silicon layer 14 of each portion is modified, fwo exemplary methods of modifying the 
thickness of the silicon layer 14 are respectively illustrated in Figs. 1 A-D and 2A-D. 

in Fig. 1 E^. a photoresist 22 is formed over the silicon layer 14, and in Fig. IC, the photoresist 22 
20 is selectively irradiated using a photolithographic system, such as a step and repeat optical projection 
system, in which ultraviolet light from a mercury-vapor lamp is projected through a first reticle and a 
focusing lens to obtain a first image pattern. Fhe photoresist 22 is then developed, and the irradiated 
ptMiitins of the photoresist 22 are renuned to provide openings in the photoresist 22. I he openings 
cxpt>sc portions of the silici>n Ia\er 14. wliich will thereb\ define the portions tif the silict>n Ia\er 14 
25 ha\ ing a modified thickness. An etch, t\ picall\ anisotropic, although not limited in this manner, is then 
applied to remove a certain thickness of the exposed portions of the silicon layer 14. 

In i ig. ID. the remaining photoresist 22 is removed, and a semiconductor device precursor 
ha\ ing different portions with a silicon la\er 14 of different respective thicknesses is provided. Once the 
phott^resist 22 is removed, as shown in 1 ig. 3. isolation features 18 can be provided in the silicon Ia\er 14. 

.iltcrnalive lo the shallow ist4alion trench, a lictd oxide can he formed. A field oxide is l\picall\ formed 
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\ ia thermal oxidation in an ox> gcn-steani ambient at temperatures tVom about 850 to 1()5()'X\ A 
patterned. oxidation-resistatU mask ean be used to pre\ent oxidation ot' non- isolation dev ice regions. 
After formation of the field oxide, the mask is removed using known techniques, for example hot 
phosphoric acid for a silicon nitride mask or buttered hydrofluoric acid tor a pad oxide mask. 
5 Alternatively, as illustrated in f igs. 2A-2f). the isolation features 18 can be tbrmed before the 

thickness of certain portions of the silicon lav er 14 are modified, f urthermore, as also illustrated in F igs. 
2A-2D. a hard mask can be formed over the silicon layer 14 to aid in etching of the silicon layer 14. As 
illustrated in Fig. 2B. the isolation features 18 are formed in the silicon laver 14. and as described above, 
the invention is not limited in the manner in which the isolation teatures 1 8 are tbrmed, 

iO In Fig. 2C, a mask layer 20 is formed over the silicon layer 14, and the invention is not limited as 

to a particular mask layer 20. For example, the mask layer 20 can be tbrmed from an anti-retlective film, 
which can be advantageously used during fine line patterning. In a current aspect, the mask layer 20 is 
formed from silicon nitride. 

Upon tbrmation of the mask layer 20, a photoresist 22 is formed over the mask layer 20. In Fig. 

15 2D, the photoresist 22 is selectively irradiated using a photolithographic system, such as a step and repeat 
optical projection system, in which ultraviolet light from a mercury-vapor lamp is projected through a 
first reticle and a focusing lens to obtain a first image pattern. The photoresist 22 is then developed, and 
the irradiated portions of the photoresist 22 are removed to provide openings in the photoresist 22. The 
openings expose portions of the mask layer 20. A portion of the exposed mask layer 20 below the 

20 openings in the photoresist 22 is then removed, which exposes portions of the silicon layer 14 to be 
modified. 

After portions of the mask layer 20 have been removed, the exposed portions of the silicon layer 
14 are partially remov ed, and the invention is not limited in the manner in which the exposed portions of 
the silicon laver 14 are partiallv removed. I or example, the exposed ptntions of the silicon laver 14 can 
25 be partially removed using an etch, such as an anisotropic etch. The amount of tlie exposed portions of 
the silicon laver 14 being removed can be determined, for example, bv subjecting the exposed portions of 
the silicon layer 14 to the etch for a given time, as the removal rate of silicon for a given etchant is 
known. Another example of partiallv removing exposed portions of the silicon laver 14 involves 
oxidizing the exposed portions of llie silicon laver 14 to form silicon oxide. I he silicon oxide can then be 
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As illustrated in l ig. 3, after the reniainiim mask la>er 20 and photoresist 22 is removed using 
teehniques known to those skilled in the art. a semiconductor dev ice hav ing ditterenl portions, vvitii each 
portion hav ing a silicon laver 14 w ith a thickfiess that differs from another portion, is provided. Once the 
thickness ol' certain portions of the silicon laver 14 has been modified, features, such as transistors 
5 although not limited in this manner, can be tbrnied in the silicon laver 14, as illustrated in f ig. 4. 

The features, for example, can include a gate dielectric 16 and a gate electrode 24 over the gate 
dielectric 16. Sidevvall spacers 36, 38 can be formed on sidevvalls 26, 28 of the gate electrode 24, and 
source/drain extensions 30, 32 can be formed in the silicon laver 14 underneath the sidewall spacers 36, 
38. f urthermore, source/drain regions 40. 42 can be formed in the silicon layer 14. As shown, the 
10 souicc/diain regions 40a, 42a in a first portion of the semiconductor device can have different depths than 
the source/drain regions 40b, 42b in a second portion of the semiconductor device. 

In Fig. 5, the isolation features 18 can be removed, and the invention is not limited as to the 
manner in which the isolation features 18 are removed. For example, the isolation features 18 can be 
removed using an etchant having a high selectivity to the material with which the isolation features 1 8 are 
15 formed. By removing the isolation features 18, the silicon layer 14 between the isolation features 18 can 
be relaxed. During formation of the isolation features 18, the silicon layer 14 is stressed, and this 
stressing of the silicon layer 14 can degrade transistor performance. Furthermore, it is noted that the 
removal of the relaxing of the silicon layer 14. for example by removing the isolation features between 
adjacent silicon layers 14, is not limited to semiconductor devices having portions with different depths. 
20 For example, the relaxing of the silicon layer 14 can occur for semiconductor devices having a silicon 
laver 14 with a single depth. 

By providing a semiconductor device having different portions, with each portion having a silicon 
layer with a thickness that differs from another portion, the formation of NMOS and PMOS transistors 
can be optimized. I or example, a transistor w ith a (.lopant (e.g.. boron) that has a greater diffusion rate in 
25 silicon can be formed on a portion of the silicon laver having a greater thickness than a portion of the 
silicon layer upon which another transistor, with a dopant (e.g., arsenic) with a lower diffusion rate, is 
formed. I hus, the NMOS and I^MOS transistors can both be exposed to an optimal temperature/time 
profile. 

Another advantage of providing a semiconductor device having different portitMis. with each 
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liMincd t>ii a pv>rtion v^t the silicon laver vMih a lesser thickness. I luis. even it the source drain regions 
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extend down to liie same deplli. ho\h partiall\ and tiill\ depleted transistors ean be tbrined. Alternati\el\ . 
tlcnuing body efteets can be niiiiiinized by eliminating the neutral region between the souree/drain region 
and the insulating la\er b\ making all transistors fuii\ depleted. 

The present invention ean be praetieed b\ etiiplo\ing eon\entional materials, methodology and 
equipment. AceordingK. the details of sueh materials, equipment and methodology are not set forth 
herein in detail. In the previous deseriptions, numerous speeitle details are set forth, sueh as speeitle 
materials, struetures. ehemieals, processes, etc., in order to provide a thorough understanding of the 
present invention. However, it should be recognized that the present invention ean be praetieed without 
resorting to the details specifically set forth. In other instances, well-known processing structures have 
not been described \n detail, in order not to unnecessarily obscure the present invention. 

Only the preferred embodiment of the present invention and but a few examples of its versatility 
are shown and described in the present disclosure, it is to be understood that the present invention is 
capable of use in various other combinations and environments and is capable of changes or 
modifications within the scope of the inventive concepts as expressed herein. 



